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Abstract In our ongoing efforts to develop new uses for 
wood-based waste streams, the growth inhibition activities 
of extracts obtained from Sugi ( Cryptomeria japonica) 
bark were examined against Heterosigma akashiwo , 
otherwise known as red tide plankton. The Sugi bark was 
separated into its outer and inner barks and then extracted 
sequentially with hexane, ethyl acetate, and methanol. 
Strong inhibitory activities against H. akashiwo were 
observed in the tests involving the hexane extract from the 
inner and outer barks, as well as the ethyl acetate extract 
from the inner bark. Gas chromatography mass spectros¬ 
copy (GC-MS) analysis revealed that cubebol, phyllo- 
cladanol, 6,7-dehydroferruginol, ferruginol, and sugiol 
were the main components in the active extracts. These 
components themselves were then tested for their growth 
inhibition activities against H. akashiwo. Cubebol and 
ferruginol showed potent inhibitory activities, whereas 
phyllocladanol, 6,7-dehydroferruginol, and sugiol were 
only weakly active. Taken together, these results suggested 
that the Sugi bark extracts could be used as inhibition 
reagents against red tide plankton. 
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Introduction 

The bark of Sugi ( Cryptomeria japonica D. Don) has been 
recognized as one of the significant wood-based waste 
materials produced by the Japanese wood industry [1]. The 
development of new methods for the use of Sugi bark is 
required to allow for Japanese forest resources to be used 
more effectively. Several methods have been studied for 
the preparation of synthetic plastic materials from wood- 
based wastes such as polyurethane [2-5] and phenolic resin 
[6] through the liquefaction (Solvolysis) of the Sugi bark. 
There have also been several reports revealing that there 
are many bioactive components contained within Sugi bark 
[7-9]. In an effective cascade for the utilization of natural 
resources, in would be desirable for these functional bio¬ 
active components should be utilized prior to the prepara¬ 
tion of the plastic materials mentioned above. 

We previously reported that the essential oil obtained 
from the Sugi bark showed growth inhibition activities 
against Skeletonema costatum, known as one of the “red 
tide” planktons [10]. Red tide represents a serious envi¬ 
ronmental problem in field of marine research, and is 
generally caused by S. costatum [11, 12], Heterosigma 
akashiwo [13, 14], and Chattonella antiqua [15]. 

H. akashiwo in particular causes very serious problems 
because of the ichthyotoxic compounds produced by this 
alga [13, 14]. In our previous report [10], although essential 
oils were used in anti-algal tests, the extractive components 
of Sugi bark were found to consist predominantly of 
diterpenoids and phenolic compounds which were difficult 
to obtain in large amounts from the oil by distillation. 
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Furthermore, the yield of this bark essential oil was less 
than that of the wood and leaf parts. In addition, some of 
the components were observed to change during the hot 
water distillation process [10]. Thus, in this study, to find 
new uses for Sugi bark, we examined the inhibitory 
activities of the Sugi bark extracts obtained by solvent 
extraction and the major components contained within the 
extracts against H. akashiwo. 

Materials and methods 

Plant materials 

Sugi bark was obtained from the Yamagata Field Science 
Center (Faculty of Agriculture, Yamagata University, 
Japan). The bark was separated into the inner and outer 
bark, and cut into pieces of about 1 cm . 

Heterosigma akashiwo (NIES-293) was obtained from 
the National Institute for Environmental Studies (NIES, 
Japan), and was maintained under 2000 lux (12:12 LD 
cycle) at 20 °C in an NKsystem BIOTRON (Nippon 
Medical & Chemical Instruments Co., LTD, Tokyo, 
Japan). The cells were grown in f/2 medium according to a 
previously reported procedure [10]. 

Analysis of extract and compounds 

GC/MS data were collected on a SHIMADZU QP-5000 
GC-MS (Shimadzu, Kyoto, Japan) under the following 
conditions: DB-1 capillary column (0.32 mm i.d. x 30 m; 
0.25 pm film thickness; J&W Scientific, Folsom, CA, 
USA); column temperature from 50 °C (1 min) to 320 °C 
(5 min) at 5 °C/min; injection temperature of 250 °C; 
detection temperature of 250 °C; acquisition mass range of 
50-450 atomic mass units (amu) using helium as the carrier 
gas with a flow rate of 3.6 mL/min). The majority of the 
components were identified by comparison of the experi¬ 
mental GC-MS data with those of the authentic com¬ 
pounds [7, 10]. NMR spectra were measured on a JEOL 
JNM-EX400 (*H 400 MHz/ 13 C 100 MHz) spectrometer 
(JEOL Ltd., Tokyo, Japan). 

Extraction and isolation 

The inner and outer barks were extracted at ambient tem¬ 
perature for 7 days by successive extractions with hexane, 
ethyl acetate, and methanol. Each solvent was removed by 
evaporation to yield the extracts and the yields of each 
extract were calculated from the dry weights. The hexane 
extract of the inner bark was purified by column chroma¬ 
tography using silica gel (60 N, spherical 63-210 pm, 
neutral; Kanto Chemical Co., Inc., Japan). The column was 


eluted with a gradient of hexane:ethyl acetate (100:0 to 
10:90, v/v) to provide pure cubebol, phyllocladanol, 6,7- 
dehydroferruginol, ferruginol, and sugiol. 

Phyllocladanol, 6,7-dehydroferruginol, ferruginol, and 
sugiol were identified by comparison of their GC retention 
times and MS data with standard samples isolated during 
the course of a previous study [7, 10]. Cubebol was iden¬ 
tified by comparison of its NMR and MS data with those 
previously reported [16]. 

Cubebol 

Colorless oil. X H-NMR (CDC1 3 ) 0.52 (1H, dddd, 

J = 12.20, 12.20, 12.49, 1.96 Hz), 0.75-1.08 (4H, m), 0.92 
(3H, d, / = 6.89 Hz), 0.94 (3H, d, / = 7.13), 0.97 (3H, d, 
J =6.1 \ Hz), 1.18-1.46 (2H, m), 1.29 (3H, s), 1.45-1.72 
(5H, m), 1.84 (1H, ddd, / = 10.27, 10.69, 3.12); 13 C-NMR 
(CDC1 3 ) 18.8 (CH 3 ), 19.7 (CH 3 ), 20.1 (CH 3 ), 22.6 (CH), 

26.5 (CH 2 ), 27.9 (CH 3 ), 29.6 (CH 2 ), 30.9 (CH), 31.7 
(CH 2 ), 33.4 (C), 33.7 (CH), 36.4 (CH 2 ), 39.1 (C), 44.1 (C), 
80.3 (C). 

Growth inhibition activity 

The growth inhibition activities for H. akashiwo were 
measured according to the methods previously published in 
the literature [10]. A portion (1 mg) of each sample was 
measured, and 1 mL of acetone was added to the samples 
not containing any of the inner bark methanol extract. For 
the inner bark methanol extract, dimethylsulfoxide 
(DMSO, 1 mL) was added, because the extract was com¬ 
pletely insoluble in acetone. A sample of this solution 
(1 mL) was then added to f/2 medium (5 mL) to provide a 
solution with a final concentration of 1 pg/mL. In the 
control test, 5 pL of pure solvent (acetone or DMSO) was 
added to the medium. H. akashiwo was added to each vial. 
The volume was adjusted with culture medium to 5 mL/ 
vial. The cell count in each vial was measured daily for 
14 days. Cells were counted microscopically using count¬ 
ing chambers (Hirschmann Laborgerate, Eberstadt, Ger¬ 
many). The number of cells (AO in 576 masses in the 
counting chambers was determined, and the counted result 
was converted to cell density per 1 mL (the counted vol- 
ume of the counting chambers was 0.0025 mnT x 
0.10 mm). The cell density ( D ) per 1 mL was defined 
according to the following Eq. (1). Inhibition activities (/A) 
were calculated by Eq. (2). A higher I A value indicated 
stronger growth inhibition. 

D = (A//576) x 1000/(0.0025 x 0.10) (1) 

IA = 100 x (1 — Ds/Dc) (2) 

Ds is the cell density of each sample vial on the final day 
and Dc is the cell density of control vial on the final day. 
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Statistical analysis 

The test samples were compared using one-way analysis of 
variance (ANOVA), and the means were separated using 
Tukey-Kramer honestly significant difference (HSD) 
comparisons (p < 0.05; JMP version 9.0.3, SAS Institute 
Inc., Cary, NC, USA). 


Results and discussion 

Extraction and effects of bark extracts 

The yields of the hexane, ethyl acetate, and methanol extracts 
are shown in Table 1. The total yields from the solvent 
extraction were 8.54 and 4.77 % from the inner and outer 
barks, respectively. The essential oil of the whole Sugi bark 
was obtained in a 0.15 % (1.5 g/kg) yield in our previous 
report [10]. Thus, for the use of the extractive compounds in 
Sugi bark, solvent extraction was more suitable than hot water 
distillation to obtain large amounts of the components. 

The H. akashiwo growth curves obtained for the testing 
of each of the Sugi bark extracts at a concentration of 1 
pg/mL are shown in Fig. 1. There was no significant dif¬ 
ference between the DMSO and acetone controls 
(p < 0.05) on the final day (following 14 days). The hex¬ 
ane extracts from the inner and outer barks and the ethyl 


Table 1 Yield (%) of Sugi bark extracts by solvent extraction 


Solvent 

Yield (%) 


Inner bark 

Outer bark 

Hexane 

3.91 

1.29 

Ethyl acetate 

1.24 

2.17 

Methanol 

3.39 

1.30 

Total 

8.54 

4.77 


% based on dry weight 


acetate extract from the inner bark strongly inhibited the 
growth of H. akashiwo , and there was a clear reduction in 
the cell densities from an early stage in the test period (that 
is, the following 1-5 days). The inhibition activities of 
each extract on the final day have been summarized in 
Fig. 2. Significant inhibition activities were observed in the 
hexane extracts from both bark samples, as well as the 
ethyl acetate extracts from the inner bark. These extracts 
showed inhibition activities of approximately 100 %. In 
contrast, the ethyl acetate extract from the outer bark and 
the methanol extracts from both the bark samples did not 
show any significant levels of activity. These results sug¬ 
gested that the most active components of the Sugi bark 
were contained within the least polar extracts. 

Analysis of active extracts 

The total ion chromatograms of the active extracts of the 
Sugi bark analyzed by GC-MS are shown in Fig. 3 . Cubebol, 
phyllocladanol, 6,7-dehydroferruginol, ferruginol, and 
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Fig. 2 Inhibitory activities of the Sugi bark extracts against 
H. akashiwo at 14 days. 0 % = control. Control tests were performed 
with acetone or DMSO (inner bark methanol extract) and without the 
sample. N = 3 replicates. Mean ± SE are given. The sample 
concentration was 1 pg/mL. Common letters denote no significant 
difference. Tukey-Kramer, p < 0.05 




Fig. 1 Growth curves of H. akashiwo cells for 14 days in the tests of Sugi bark extracts at 1 pg/mL. a Inner bark extracts; b outer bark extracts 
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retention time (min) 


Fig. 3 Total ion chromatogram of the Sugi bark extracts exhibiting 
inhibitory activity against H. akashiwo. a Inner bark hexane extract; 
b inner bark ethyl acetate extract; c outer bark hexane extract. The 


conditions of the GC-MS analysis were described in the text part of 
the “Methods and materials” section 


sugiol were detected by GC-MS analysis as the major 
components of the active extracts. Cubebol and phylloclad- 
anol were strongly detected as the main components of the 
hexane extracts from the inner and outer barks, respectively. 
Cubebol in particular, which is a sesquiterpene alcohol, was 
observed as a weakly intense peak in the chromatograms of 
all of the extracts, with the exception of inner bark hexane 
extract. Cubebol and phyllocladanol were not detected in the 
essential oil, because of the occurrence of rearrangement and 
dehydroxylation pathways caused by the hot water distilla¬ 
tion process [10]. 

Ferruginol and 6,7-dehydroferruginol were common to 
all of the extracts and detected as a strong peak in all of the 
chromatograms. Sugiol was clearly observed in the chro¬ 
matogram from the inner bark ethyl acetate extract. These 
components have also detected and identified as charac¬ 
teristic of Sugi bark extracts in other reports in the litera¬ 
ture [7]. Therefore, the activities of these five major 
components against H. akashiwo were investigated to 
identify the active compounds in the extracts. 

Effects of the Sugi bark components against 
H. akashiwo 

The results of the growth inhibition assays involving the 
five major components of the Sugi bark are shown in 
Fig. 4. Cubebol, phyllocladanol and ferruginol showed 
significant growth inhibition activities against H. akashiwo 
(p < 0.05). The two active components, cubebol and 
phyllocladanol, were the characteristic sesquiterpene and 
diterpene components in Sugi bark extracts [7]. Cubebol 
has been reported to exhibit repellent activities against the 



Fig. 4 Inhibitory activities of the Sugi bark components against 
H. akashiwo following 14 day. 0 % = control. Control tests were 
performed with acetone without the sample. N = 3 replicates. 
Mean ± SE are given. The sample concentration was 1 pg/mL. 
Common letters denote no significant difference. Tukey-Kramer, 
p < 0.05 

crop pest snail (Acusta despecta) [17] and lethal levels of 
activity against the mosquito larvae (Aedes aegypti ) [18], 
whereas phyllocladanol has been reported as an anti-ter¬ 
mite compound [19]. This study has provided new infor¬ 
mation regarding the inhibitory activity of cubebol and 
phyllocladanol against red tide plankton. One of the other 
active compounds ferruginol has also been reported for its 
potent inhibitory activity against S. costatum [10]. It has 
been suggested that ferruginol would be a particularly 
effective reagents for protection against red tide. In con¬ 
trast to the other components, 6,7-dehydroferruginol and 
sugiol did not show any obvious inhibitory activity against 
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H. akashiwo (Fig. 4). The 6,7-dehydroferruginol also 
exhibited low inhibitory activity against S. costatum [10]. 
In addition, the bioactivities of 6,7-dehydroferruginol and 
sugiol against wood decayed fungi and termites were lower 
than those reported for ferruginol in our previous reports 
[20, 21]. The 6,7-dehydroferruginol and sugiol could have 
been formed by oxidation of the ferruginol. This means 
that the ferruginol with high bioactivity changed to low 
bioactive compounds by oxidation. It would therefore be 
necessary to consider the preservation of ferruginol for the 
effective utilization of the Sugi bark components as bio¬ 
active reagents. 

The inhibitory activities of active extracts against 
H. akashiwo were stronger than those of the active major 
components, cubebol, phyllocladanol, and ferruginol. 
These results suggested the existence particularly active 
minor components within the extracts or the occurrence of 
synergistic effects between the components in the Sugi 
bark extracts. Both of these possibilities will be investi¬ 
gated as part of our future work plans. 

Conclusion 

The inhibitory activities of Sugi bark extracts against 
H. akashiwo were investigated. Hexane extracts from the 
inner and outer barks and the ethyl acetate extract from the 
inner bark exhibited strong inhibitory activities against 
H. akashiwo. Cubebol, phyllocladanol, 6,7-dehydroferrug¬ 
inol, ferruginol, and sugiol were detected by GC-MS 
analysis as the common major components of the active 
extracts. Although cubebol, phyllocladanol, and ferruginol 
showed growth inhibition activity against H. akashiwo , 6,7- 
dehydroferruginol and sugiol did not show any discernible 
activity. It was therefore suggested that the Sugi bark 
extracts containing the aforementioned active components 
could be utilized as inhibition reagents against red tide 
plankton. The active extracts and components, however, 
were non-polar compounds and therefore poorly soluble in 
water. The activities of the bark components against fishes 
and other aquatic organisms remain unknown. Thus, the 
actual utilization of these extracts or components should be 
considered on a filter material, which could not interfere 
directly with any fish. 
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